. Crystal structures of scRsa4 and scRsa4-scNsa2 complex shown in ribbon representation. (A) Overlay of two different scRsa4 conformations. The scRsa4 crystals contain two molecules in the asymmetric unit (shown in light and darker blue), which differ in the position of the UBL domain with respect to the -propeller domain, indicating a flexible arrangement in solution. Superposition in the -propeller domain shows a rotation of the UBL domain by 45°. (B) The asymmetric unit of the scRsa4-scNsa2 complex. A carrier-driven crystallization approach with MBP was used for structure determination of the minimal scRsa4-scNsa2 complex. Purified Nsa2 (residues 81-101; red) fused to MBP (green) was incubated with Rsa4 (residues 137-515; blue) and SEC purified for crystallization. Crystal contacts are mainly established between MBP and Rsa4 and not directly between neighboring Rsa4 molecules. Figure S3 . The overexpressed nsa2 Y90A mutant blocks 60S biogenesis. (A) Ribosome profile of cells overexpressing the nsa2 Y90A mutant. Wild-type strains expressing GAL::NSA2 or GAL::nsa2 Y90A were grown in galactose-containing medium (SGC-TRP) for 6 h. Cells were lysed, loaded on a 10-50% sucrose gradient, and centrifuged, and a UV profile (254 nm) was recorded. (B) Composition of the Arx1 preribosomal particle after Nsa2 Y90A overexpression. An ARX1-FTpA strain carrying 2 plasmid expressing NSA2 or nsa2 Y90A alleles under the control of the inducible GAL promoter (GAL::NSA2) was grown for 6 h in galactose-containing medium before cells were lysed and Arx1 was affinity purified with its associated interaction partners. Copurifying proteins were analyzed by 4-12% SDS-PAGE, Coomassie staining, and Western blot analysis. (C) Rps3 export assay in the dominant-negative GAL:: nsa2 Y90A background. Wild-type strain W303 was cotransformed with the 40S reporter plasmid expressing Rps3-EGFP (uS3) and mRFP-Nop1, and with 2 plasmid expressing NSA2 or nsa2 Y90A alleles. Cells were shifted to galactose-containing medium for 6 h, before Rps3 (uS3) and Nop1 localization was determined by fluorescence microscopy. (D) Multiple sequence alignment of Nsa2 from the indicated eukaryotic organisms. The line above the alignment indicates the motif that binds to Rsa4 (red) or the domains analyzed by NMR (ctNsa2-N in green, ctNsa2-C in blue). 15) were immobilized on amylose beads and incubated with E. coli lysate with or without HIS-TEV-Rsa4 wild-type, rsa4 b8* (K130E, R134E), rsa4 b1* (T175R T177R), or rsa4 Y448E mutant (input; see lanes 1-5). Eluates (lanes 6-15) were analyzed by 4-12% SDS-PAGE and Coomassie staining. (B) Viability of rsa4 alleles. Rsa4 shuffle strain was transformed with plasmids encoding for the indicated RSA4 alleles. Complementation was tested by incubation of transformants on SDC+FOA plates at 30°C for 2 d. (C) Dominant-negative phenotype of overexpressed rsa4 mutants. Wild-type strain W303 was transformed with 2 plasmid expressing RSA4 or rsa4 alleles under the control of the inducible GAL promoter. Dominant-negative phenotype by NSA2 overexpression was tested on galactose-containing medium (SGC-TRP) after incubation for 2 or 3 d at 30°C (bottom panel). (D) Sedimentation analysis of Rsa4 proteins on sucrose gradients. Cell lysates of wild-type strain W303 expressing a plasmid-borne TAP-Rsa4 or indicated TAP-rsa4 mutants, respectively, were centrifuged and analyzed on a 10-50% sucrose gradient. Fractions were analyzed by Western blotting using an antiProtA antibody. (E) Ribosome profile upon overexpression of rsa4 mutants. Wild-type strain expressing GAL::RSA4, GAL::rsa4 b8*, GAL::rsa4 b1*, or GAL::rsa4 Y448E was grown for 8 h in galactose-containing medium (SGC-TRP). Cell lysates were centrifuged on a 10-50% sucrose gradient, and the UV profile (254 nm) was recorded. Figure S5 . CRAC analysis reveals the binding sites of Nsa2 to the 25S rRNA helices of the PTC. (A) The total number of CRAC hits is plotted against their relative location along the rDNA sequence. (top) The hits derived from the Nsa2-HTpA strain. (bottom) An untagged yeast strain used as a control. Nsa2 was found to be specifically cross-linked to helix H42 (9 hits), H89 (37 hits), and H90 (16 hits; top) of the 25S rRNA. The rRNA site marked with the asterisks also appears in the negative control. (B) Sequence alignment of rRNA fragment cross-linked to Nsa2 (CRAC sites). Point mutations, indicative for direct contact sites of Nsa2 to rRNA, are depicted as white squares. (C) The position of the rRNA cross-links is shown in a 3D model of the pre-rRNA (PDB accession no. 3J64) in the Arx1 pre-60S particle (Leidig et al., 2014) . The middle and right panels show a ribbon model of the major cross-link sites to helix 89 (cyan), and helix 42 and helix 90 (blue). The left panel shows the entire pre-60S particle in the same orientation as the middle panel.
